Background and Aims: The study evaluates the utility of therapeutic intervention scoring system (TISS-28) in quantifying the resource utilization, costs and predicting outcome of critically ill patients. Materials and Methods: TISS-28 was prospectively applied to patients consecutively admitted to the intensive care units (ICU) of three public teaching hospitals and two private hospitals in Trinidad on a daily basis for a period of eight weeks. Demographic data, diagnoses on admission, nurse-patient ratio, ICU length of stay and hospital outcomes were recorded. SimpliÞ ed acute physiology score (SAPS)-II was applied for all adult patients. Costs were calculated from data collected from the public hospitals in relation to TISS-28 score. 
technology care offered in ICUs and the higher cost involved with this, proper evaluation and utilization of the ICU resources should be of very high priority. [4] This is especially true in developing countries such as ours where budgetary allocation has to be prudent to ensure minimal wastage of resources.
The therapeutic intervention scoring system (TISS) is one of the widely applied scoring systems which mostly rely on therapeutic, diagnostic and nursing activities. [5] Besides evaluation of the therapeutic interventions, TISS also assists in quantiÞ cation of nursing workload, ICU cost evaluation and has been proposed as a valuable tool for analyzing the utilization of ICU resources.
[6] Originally
Introduction
Critical care has evolved as a specialty of its own in both the developed and developing countries consuming a large part of the healthcare budget. [1, 2] In recent years there has been an increase in the need for intensive care units (ICU) with more aggressive therapeutic procedures and/or for the increased use of adequate and invasive treatment for advanced diseases. [3] Due to the high- introduced in 1970, this scoring system comprised of 76 interventions, later updated during 1983. [7, 8] Although initially designed to be a prognostic scoring system, the system has been predominantly applied for evaluation of cost and nursing workload. TISS-28, a simpliÞ ed version of TISS was published in 1996 and is being used as a tool for assessing resource utilization and prognosis after discharge from ICU. [9] With this background the present study aimed at applying this scoring system to evaluate its utility in quantifying the resource utilization, costs and prognosis of the patients in Þ ve ICUs in Trinidad and Tobago.
Materials and Methods
Approval of the Ethics Committee of the University of the West Indies was obtained prior to the study. Approvals were also obtained from the hospital authorities for collection of data. All patients admitted consecutively to the ICUs of three teaching hospitals and two private institutions in Trinidad over a period of eight weeks from July 2005 through August 2005 were included for prospective collection of data.
Hospitals and ICU setting
Trinidad and Tobago is a twin-island nation of the English-speaking Caribbean, with a population of 1.3 million. The Gross Domestic Product (GDP) (by purchasing power parity) is 18 billion US dollars, with a per capita income of 16, 700 US$. The total annual budget of Trinidad and Tobago is about 6 billion US dollars, of which approximately 6% is spent on the healthcare sector and the per capita expenditure on health is about 279 US$ (Pan American Health Organization, 2005). There are three major public hospitals in Trinidad namely the Port-of-Spain General Hospital, Eric Williams Medical Sciences Complex and San Fernando General Hospital, all being teaching hospitals and afÞ liated to the University of the West Indies. All the ICUs are multidisciplinary units admitting adult medical and surgical patients. The ICU at Eric Williams Medical Sciences Complex is the only unit, which admits pediatric patients. The total number of ICU beds in all the three hospitals is 17. The private institutions have four-bed and six-bed ICUs respectively, admitting adult patients.
The Radiology Department and the Pathology, Microbiology laboratories of all the hospitals have state-of-the-art equipment facilitating a wide range of investigations. The ICUs in all the hospitals also have facilities for blood gas analyses, portable radiograph and ultrasound.
Data collection
Demographic data such as the age and gender of the patients, the diagnoses, hospital outcomes and the ICU length of stay were recorded prospectively for all patients. The worst physiological simpliÞ ed acute physiology score (SAPS) II was recorded on admission to the ICU. [10] TISS-28 was scored on a daily basis from the day of admission to the day of discharge or death. Data were collected from ICU patient charts and Þ les. The patients were followed up throughout their stay in the ICU and the hospital after discharge from the ICU. The nursing stafÞ ng pattern for each ICU was evaluated by recording the availability of number of nurses per shift per patient. The TISS-28 per nurse was calculated by dividing the product of the mean daily TISS-28 and the number of patients by the number of nurses in a given ICU.
Data were collected from the Departments of Human Resources, Biomedical Engineering, Accounts and Finance and Pharmacy to calculate the costs for each therapeutic intervention in all the public hospitals. The private hospitals declined to provide information regarding the cost of each therapeutic intervention.
Cost evaluation
The acquisition costs of drugs and consumables required for each intervention were recorded. This formed the major proportion of the cost for an intervention. The salaries of physicians and nurses were obtained and scaled down to per hour basis and divided among the total number of patients in the ICU. This amount was added to the acquisition costs. Similarly the costs of Þ xed assets were obtained from the Biomedical Engineering and Finance Departments and appropriate depreciation was calculated. The charges of utilizing the equipment for each intervention were then calculated and added to the total cost for each intervention. The overall cost for each intervention was thus derived. Costs were then assigned to all patients on a daily basis in accordance with the interventions and the TISS-28 score they received each day.
Variables such as predicted mortality, prognostic scores, observed mortality rates, therapeutic intervention scores, length of stay, diagnostic categories as well as standard demographics of age and gender were analyzed descriptively to determine their distribution. Predicted mortality for adult patients was calculated by the logistic regression equation published with the SAPS II system.
Wilcoxon ranked sum test was used to compare the age, SAPS II, day-1 TISS-28, last day TISS-28, average daily TISS-28 and length of stay between survivors and nonsurvivors. A two-tailed Pearson's correlation test was used to compare SAPS II score with day-1 TISS-28 and last day TISS-28.
Receiver operating characteristic (ROC) curves were constructed and the area under the curve (AUC) and the 95% conÞ dence intervals were obtained to measure the ability of the TISS-28 and the SAPS II scoring systems to discriminate between survivors and nonsurvivors. 
Results
During the two-month period of study, 82 patients were enrolled into the study. 28 patients died during the study period (overall mortality rate 34.1 %). Table 1 shows the comparison of the age, ICU length of stay, Day-1 TISS, last day TISS and average daily TISS, between survivors and non-survivors by Mann Whitney-U test. The SAPS-II scores and the predicted mortality were compared. Day-1 TISS-28, last day TISS-28 and average daily TISS-28 were signiÞ cantly higher in nonsurvivors. However the age and the ICU length of stay did not show any statistically signiÞ cant difference between survivors and nonsurvivors. Table 2 shows the distribution of all the patients according to their systemic illnesses and/or etiology during the study period. Majority of patients belonged to the category of respiratory illnesses followed by neurological illnesses and trauma. Overall, 80 (97.5%) patients received mechanical ventilation, 26 patients received inotropic support, two patients required hemodialysis in the ICU. 62 patients had invasive lines in the form of intra-arterial catheter and central venous line. A total of 595, TISS-scored patient-days were analyzed. The mean TISS-28 score in private hospitals were lower than that of the public hospitals. No patient had pulmonary artery catheter.
A total of 595 TISS-scored patient-days were analyzed. The minimum TISS-28 was 12 and the maximum was 43. The overall average TISS-28 per nurse was 26.2 per day. The mean TISS-28 score in private hospitals were low than that of the public hospitals. Table 3 shows the TISS data in the Þ ve ICUs studied. A Tukey test analysis showed that there were statistically signiÞ cant differences between one of the private institutions and public institutions with respect to day-1 TISS-28, last day TISS-28 and average daily TISS-28 (P values 0.02, 0.01 and 0.02).
The minimum cost per patient per day in the public hospitals was 1168.80 Trinidad and Tobago dollars A two-tailed Pearson's correlation test to compare SAPS II with day-1 TISS-28 and last day TISS-28 were signiÞ cant at P<0.01, although the correlation coefÞ cients (r 2 ) were low (0.34). Figure 1 shows the ROC curve to assess the discriminating ability of TISS-28. The area under the curve was 0.65 (95% conÞ dence intervals 0.53, 0.77). Figure  2 shows the ROC curve for SAPS II. The area under the curve was 0.71 (95% conÞ dence intervals 0.59, 0.84). Figure 3 shows the trend of the therapeutic intensity of survivors and non-survivors during the last week of the patients' stay in the ICU. The therapeutic intensity did not have a statistically signiÞ cant decrease in the survivors before discharge.
Discussion
The present study attempted to evaluate the utility of the TISS-28 in Þ ve ICUs in Trinidad and Tobago. The Þ ndings of the study suggests that TISS -28 could be applied to evaluate the resource utilization, process of care and cost evaluation, although it did not perform well as a prognostic model when compared to a physiological scoring system for severity of illness. and intensity of the therapeutic interventions which are the indirect measures of the process of an ICU may not be able to be assessed with the help of physiological scoring systems.
Many aspects of the ICU such as the nursing activity
[11] Hence we applied TISS-28 in interdisciplinary ICUs, because it does not depend on the physiological parameters of the patient. The authors who devised the TISS-28 have recommended that the scoring system needs to be validated in multinational ICUs since it was originally validated in Dutch ICUs. [9] TISS-28 has been proposed to assess the nursing activity of a unit indirectly, although this system was further reÞ ned to form a Nursing Activity Score (NAS) which claims to perform better than TISS-28 per se to quantify nursing workload.
[12] The number of TISS points per nurse is an indirect way of assessing the nursing activity. According to the recommended standards, a nurse should be capable of managing 46 TISS points per shift.
[9] In Trinidad, the average TISS points is well within this limit and is comparable to that managed by nurses in a Barbados ICU. [13] Ideally in an ICU, the nurse to patient ratio should be 1:1. However, if the nursing workload is high, some ICUs may have more than one nurse per patient.
[14] Although most ICUs in Trinidad have a 1: 1 nursing pattern, at times this decreased. The Task Force of the European Society of Intensive Care Medicine has described three levels of care in the ICU, which enables hospitals to determine the appropriate nurse to patient ratio. [15] This guideline requires triage of the ICU patients and may create a more ß exible stafÞ ng pattern and may lead to more efÞ cient utilization of resources, especially in our situation.
The mean day-1 TISS-28 points reported from North America and Europe range from 25 to 30 points. [16, 17] The mean day-1 TISS-28 in the present study was 27.9 points, which may imply that the therapeutic interventions in the ICUs of Trinidad may be similar to those of the developed countries. Also, when compared to an ICU in Barbados (17.9), the mean Þ rst-day TISS in Trinidad was much higher.
[13] The average daily TISS-28 score (26.8) was comparable to a report from Hong Kong (28.4). [18] ICU resource utilization has been one of the most important aspects studied by the application of TISS. [16, 17, 19, 20] Data from the present study helped us to quantify the processes of care such as mechanical ventilation, renal support etc. in each ICU.
TISS-28 has also been previously applied to quantify the costs of ICU. [21] [22] [23] [24] The mean cost per patient per day in the present study is approximately 414 US $ which is less than the mean expenditure in another Caribbean country Barbados (743 US$).
[13] The costs of Trinidad ICU are less than that of the developed countries such as the United States and United Kingdom, but higher than other developing nations such as India. [25] The mean day-1 TISS-28 between survivors and nonsurvivors showed no statistical difference. The TISS-28 scores have been low in private hospitals when compared to public hospitals. There may be many underlying reasons for this finding. Firstly, patients admitted to private ICUs had relatively lesser severity of illness as evidenced by the low SAPS-II scores [ Table 3 ]. Many of these patients belonged to the diagnostic categories such as postoperative admission following elective surgery. Secondly, in public institutions, the care is offered free-ofcost for the citizens of Trinidad and Tobago. Additionally, because all the three public institutions are afÞ liated to the University of the West Indies, in an academic environment, the therapeutic interventions would have been probably much more aggressive.
Previous studies have examined the ability of TISS-28 to predict prognosis ICU patients and after their discharge from ICU. [26, 27] A previous report has also correlated TISS-28 scores to SAPS II scores on admission.
[18] The present study analyzed if the day-1 TISS-28 score may be used as a prognostic scoring system. The discriminating ability of TISS-28 has been lesser than that of SAPS-II as shown by the area under the ROC curve. The reasons for the poor performance of TISS-28 as a prognostic model may be due to the fact that this score highly relies upon the individual physician choices of therapeutic interventions such as pulmonary artery catheterization and parenteral nutrition. Although a high TISS-28 score on admission may indirectly imply that the patient might have been severely ill, this may not be always necessarily true.
There are many limitations to the present study. Although we had enough TISS-28 scores and patient-days for analysis, the number of patients included in the study was low. This may be a limiting factor for the analysis of the prognosticating ability of the TISS-28. We could not get data from private hospitals to itemize the cost for each intervention in that setting. In public hospitals, cost evaluation was done for each therapeutic intervention by deriving the costs with respect to consumables, staffcosts and Þ xed assets. Despite the fact that this was done in consultation with the Departments concerned, there could have been some errors by this method. But every cost-evaluation methodology in ICUs has its own inherent ß aws.
[28]
Conclusion
TISS-28 may be useful to evaluate the resource utilization, process of care and costs of an ICU, although it's prognosticating ability is limited.
